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Figure 37. Floodplain Well 1089 Pumping Rate and Cumulative Groundwater Volume Extracted 
 

 
 

Figure 38. Floodplain Well 1104 Pumping Rate and Cumulative Groundwater Volume Extracted 
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Figure 39. Floodplain Trench 1 Pumping Rate and Cumulative Groundwater Volume Extracted 
 

 
 

Figure 40. Floodplain Trench 2 Pumping Rate and Cumulative Groundwater Volume Extracted 
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3.1.3 Floodplain Seep Sump Performance 
 
In August 2006, seeps 0425 and 0426 were incorporated into the remediation system. 
Groundwater discharge from these two seeps is piped into a collection drain (location 1118) and 
then pumped to the evaporation pond. From April 2012 through March 2013, the average 
discharge rate from the seep collection drain was 0.43 gpm, similar to the average rates reported 
in the last several years. Approximately 226,000 gallons were pumped from the seeps during this 
period, yielding a total cumulative volume of about 1.87 million gallons. Figure 41 plots the 
historical rates of groundwater discharge from the escarpment seeps. 
 

 
 

Figure 41. Historical Seep Flows (Seeps 0425 and 0426) 
 
 
3.2 Terrace Remediation System 
 
The objective of the terrace remediation system is to remove groundwater from the southern 
portion of the terrace area so that potential exposure pathways at seeps and at Bob Lee Wash and 
Many Devils Wash are eventually eliminated, and the flow of groundwater from the terrace to 
the floodplain is reduced. The terrace remediation system consists of four major components 
shown in Figure 1: the extraction wells, the evaporation pond, the terrace drains (Bob Lee Wash 
and Many Devils Wash), and the terrace outfall drainage channel diversion. 

3.2.1 Extraction Well Performance 
 
During the current period, the terrace remediation well field consisted of wells 0818, 1070, 1071, 
1078, 1091, 1092, 1093R, 1095, and 1096 (Figure 1). Table 2 compares the average pumping 
rate and total groundwater volume removed from each extraction well for the current 
(2012–2013) and previous (2011–2012) reporting periods. 
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Table 2. Terrace Extraction Wells: Average Pumping Rates and Total Groundwater Volume Removed 
 

Well 

Previous Period  
(April 1, 2011, through March 31, 2012) 

Current Period 
(April 1, 2012, through March 31, 2013) 

Average  
Pumping Rate  

(gpm) 

Total Groundwater 
Volume Removed 

(gallons) 

Average 
Pumping Rate 

(gpm) 

Total Groundwater 
Volume Removed 

(gallons) 
08181 0.68 357,381 0.91 480,461 
1070 0.022 11,355 0.035 18,349 
1071 0.007 3,553 0.012 6,523 
1078 0.59 311,880 1.1 586,320 
1091 0.016 8,665 0.003 1,816 
1092 0.002 933 0.004 2,167 

1093R 0.57 301,580 0.88 464,210 
1095 0.59 215,230 0.33 172,587 
1096 0.42 222,790 0.31 160,318 
Total 2.9 1,433,367 3.6 1,892,751 

1 Well 818 was identified in the GCAP as a performance assessment well. 
 
As shown in Table 2, the current-period average pumping rates for terrace extraction wells 
ranged from 0.003 gpm to 1.1 gpm, and the total groundwater volume removed from each well 
during this period ranged from 1,800 gallons to about 586,300 gallons. The cumulative total 
volume removed from pumping the terrace extraction wells (about 1.9 million gallons) is about 
30 percent higher than the volume extracted during the 
2011–2012 reporting period (Table 2). 
 
One of the initial objectives for the terrace remediation system was attainment of a cumulative 
8 gpm extraction rate, a goal based on groundwater modeling conducted for the SOWP 
(DOE 2000, 2002, 2005, 2011a). To help meet this objective two wells (1095 and 1096) were 
installed near the evaporation pond in March 2005. In September 2007, DOE installed a new 
large-diameter well (1093R) to increase the probability of collecting a larger volume of water. 
Despite these enhancements the 8 gpm objective has still not been achieved and likely will not be 
achieved. Historically, the combined pumping rate from terrace extraction wells has ranged 
between 2 and 4 gpm, below the 8 gpm objective.  
 
Pumping rates and corresponding cumulative groundwater volumes removed from individual 
terrace extraction wells are presented in Figure 42 through Figure 50. Although active 
remediation began in March 2003, these figures only plot data after 2004–2005, when site 
remediation system wells and drains were instrumented with LM's automated telemetry data 
collection system (SOARS). 
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Figure 42. Terrace Well 0818 Pumping Rate and Cumulative Groundwater Volume Extracted 
 

 
 

Figure 43. Terrace Well 1070 Pumping Rate and Cumulative Groundwater Volume Extracted 
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Figure 44. Terrace Well 1071 Pumping Rate and Cumulative Groundwater Volume Extracted 
 

 
Figure 45. Terrace Well 1078 Pumping Rate and Cumulative Groundwater Volume Extracted 
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Figure 46. Terrace Well 1091 Pumping Rate and Cumulative Groundwater Volume Extracted 
 

 
 

Figure 47. Terrace Well 1092 Pumping Rate and Cumulative Groundwater Volume Extracted 
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Figure 48. Terrace Well 1093R Pumping Rate and Cumulative Groundwater Volume Extracted 

 

 
Figure 49. Terrace Well 1095 Pumping Rate and Cumulative Groundwater Volume Extracted 
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Figure 50. Terrace Well 1096 Pumping Rate and Cumulative Groundwater Volume Extracted 

 
 
3.2.2 Terrace Drain System Performance 
 
The terrace extraction system collects seepage from Bob Lee Wash and Many Devils Wash using 
subsurface interceptor drains. These drains, which consist of perforated pipe surrounded by drain 
rock and lined with geotextile filter fabric, are offset from the centerline of each wash to 
minimize the infiltration of surface water. All water collected by these drains is pumped through 
a pipeline to the evaporation pond. 
 
Extraction rates and cumulative flow volumes for the pump installed in the Bob Lee Wash drain 
(location 1087) are plotted in Figure 51. In 2012−2013, the average pumping rate from 
Bob Lee Wash was 2.2 gpm (vs. 3.1 gpm in 2011−2012), and the groundwater interceptor drain 
removed approximately 1.1 million gallons of water.  
 
The pumping rates and volume of water removed from the groundwater interceptor drain in 
Many Devils Wash (location 1088) are plotted in Figure 52. During the current performance 
period, the average pumping rate from Many Devils Wash was about 0.17 gpm, and the 
groundwater interceptor drain removed approximately 89,400 gallons of water. 
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Figure 51. Bob Lee Wash Pumping Rate and Cumulative Groundwater Volume Extracted 

 

 
Figure 52. Many Devils Wash Pumping Rate and Cumulative Groundwater Volume Extracted 
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3.2.3 Evaporation Pond 
 
The selected method for handling groundwater from the interceptor drains and extraction wells is 
solar evaporation. The contaminated groundwater is pumped to an 11-acre lined evaporation 
pond in the south part of the radon cover borrow pit area (Figure 1). The average water level in 
the evaporation pond was 4.6 ft in March 2013 (measured as the distance above transducers), 
leaving approximately 3.4 ft of unfilled pond capacity. 
 
From April 2012 through March 2013, over 12 million gallons of extracted groundwater were 
pumped to the evaporation pond. The majority (close to 9.3 million gallons, 75 percent) of the 
influent liquids entering the pond were from the floodplain aquifer. About 25 percent 
(3.1 million gallons) of the inflow originated from the terrace groundwater system (Table 3). As 
shown in Figure 53, at the end of the 2012–2013 reporting period, a cumulative volume of about 
127.6 million gallons of water had been pumped to the evaporation pond from all sources since 
the start of operations in March 2003 (cumulative contributions of 25.6 percent and 74.4 percent 
from the terrace and floodplain, respectively).  
 

 
 

Figure 53. Total Groundwater Volume Pumped to the Evaporation Pond 
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 Table 3. Estimated Total Mass of Selected Constituents Pumped from Terrace and Floodplain 
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Terrace 
0818 480,461 3.87 795 1,446 3,187  13,500   24,550  54,124  0.135  0.246   0.541  
1070 18,349 0.15 690 47.9 105.6  14,500   1,007  2,220  0.080  0.006   0.012  
1071 6,523 0.05 780 19.3 42.5  13,000   321  707.6  0.140  0.0035   0.008  
1078 586,320 4.73 595 1,320 2,911  13,000   28,850  63,602  0.135  0.300   0.660  
1091 1,816 0.01 1,030 7.1 15.61  13,500   92.8  204.6  0.105  0.0007   0.002 
1092 2,167 0.017 640 5.2 11.6  14,500   118.9  262.2  0.115  0.0009   0.002  
1093 464,210 3.74 2,300 4,041 8,909  5,000   8,785  19,368  0.125  0.220   0.484  
1095 172,587 1.39 1,850 1,208 2,664  4,700   3,070   6,769  0.052  0.034   0.075  
1096 160,318 1.29 605 367 809  14,000   8,495   18,729  0.087  0.053   0.116  

1087 (BLW) 1,134,500 9.15 285 1,224 2,698  7,250  31,132   68,634  0.525  2.254   4.97  
1088 (MDW) 89,391 0.72 705 239 526  18,500   6,259   13,799  0.185  0.063   0.138  

Floodplain 
1089 2,324,600 18.74 0.7 5.9 12.9 4,400  38,714  85,349  0.215  1.89  4.170  
1104 468,176 3.77 2.7 4.8 10.5 5,650  10,012  22,073  0.435  0.77  1.699  

Trench 1 (1110) 4,356,120 35.12 48.5 800 1,763 5,600  92,332  203,556  0.570  9.40  20.719  
Trench 2 (1109) 1,911,800 15.41 96.0 695 1,531 1,590  11,505  25,365  0.225  1.63  3.589  

Seep sump (1118) 226,050 1.82 54.0 46 102 6,000  5,134  11,318  0.455  0.39  0.858  
 Total Masses: 11,476 25,300  270,379 596,079  17.3 38.0 

Total Terrace 3,116,642 25.1  

Total Floodplain 9,286,746 74.9  

Total to Pond 12,403,388  

a Annual cumulative volumes derived from data used to generate plots in Figure 37 through Figure 52 (data from April 1, 2012, through March 31, 2013). 
b Mass in kilogram (kg) derived = annual volume × 3.785 (liters to gallons) × average concentration × (1/1,000,000). 
c Conversion to pounds (lb) = kg × 2.2046. 

MDW = Many Devils Wash; BLW = Bob Lee Wash 
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As shown in Table 3, the estimated masses of nitrate, sulfate, and uranium pumped to the 
evaporation pond from the floodplain extraction wells and trenches and terrace groundwater 
extraction system during the 2012–2013 performance period were approximately 25,000 pounds 
nitrate (as N), 596,000 pounds sulfate, and 38 pounds uranium. These mass estimates (rounded to 
nearest thousand) were computed using the average concentrations measured in each extraction 
well and the corresponding annual cumulative volume pumped. In terms of mass, sulfate is the 
dominant COC that enters the evaporation pond because of its high concentrations in both the 
floodplain and terrace groundwater systems. 
 
3.2.4 Passive and Enhanced Phytoremediation 
 
A pilot study of natural phytoremediation (no human intervention) and hydraulic control is 
ongoing at the Shiprock site. DOE began the pilot studies in 2006 to evaluate the feasibility of 
enhancing natural phytoremediation by planting native phreatophytes on the terrace between the 
disposal cell and the escarpment north of the disposal cell, where a uranium plume enters the 
floodplain, and in the radon cover borrow pit south of the disposal cell, where nitrate levels are 
elevated in alluvial sediments. The potential goal of phytoremediation in these areas would be 
hydraulic control (as opposed to contaminant removal), to enhance plant transpiration of 
groundwater, thereby limiting the spread of contaminants in groundwater. The four irrigated 
15-square-meter phytoremediation test plots were established in 2006; locations are shown on 
Figure 1. To date, all work has been done in concert with the Diné Environmental Institute at 
Diné College in Shiprock. The status of phytoremediation has not changed significantly in the 
last several years. Changes since 2011 include: 

• Only half of each test plot has been irrigated. 

• Diné College students measured plant growth (height, canopy area, canopy volume) for 
irrigated and non-irrigated treatments in October 2012. 

• Diné College students sampled plant tissue for irrigated treatments, non-irrigated treatments, 
and reference areas in October 2012. Samples were taken to assess potential uptake of 
contaminants, including uranium and other metals, by the plants. Plant stems, soils, and 
alluvial groundwater were also sampled for stable water isotopes (oxygen/deuterium 
isotope ratios) in July 2013 to assess whether plants have rooted in groundwater. Analyses 
from these two sampling events are underway. 
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4.0 Performance Summary 
 
This section summarizes the findings of the most recent (April 2012 through March 2013) 
assessment of the floodplain and terrace groundwater remediation systems at the Shiprock site, 
marking the end of the tenth year of active groundwater remediation.  

• Groundwater in the floodplain system is currently being extracted from two wells 
(wells 1089 and 1104) adjacent to the San Juan River north of the disposal cell, two 
collection trenches (Trench 1 and Trench 2), and a seep collection sump. Approximately 
9.3 million gallons of groundwater were extracted from the floodplain aquifer system during 
this performance period, yielding a cumulative total of about 95 million gallons extracted 
from the floodplain since March 2003. 

• Groundwater in the terrace system is currently being extracted from two drainage trenches 
(in Bob Lee and Many Devils Washes) and nine wells. From April 2012 through 
March 2013, approximately 3 million gallons of groundwater were extracted from the 
terrace system, yielding a total cumulative volume (extracted since March 2003) of close to 
33 million gallons. The cumulative volume removed from both terrace and floodplain 
combined (as of April 1, 2013) approaches 128 million gallons (Figure 53). 

• Terrace-wide, groundwater levels in the majority of alluvial wells sampled during this 
performance period declined relative to the baseline period (2000–2003) (Figure 34); 
average and maximum decreases were 2.95 ft and 8.5 ft, respectively. Relative to baseline 
conditions, decreases in the eastern portion of the terrace are negligible. Five alluvial west 
terrace wells were dry during the March 2013 sampling event. Also, many seeps on the west 
terrace have been dry since 2008.  

• The remediation system is intercepting contaminated groundwater that could discharge to 
the San Juan River. This contaminated groundwater is pumped to the evaporation pond on 
the terrace just south of the disposal cell. The estimated masses of sulfate, nitrate, and 
uranium removed from the floodplain and terrace well fields during this performance period 
were 596,000 pounds; 25,000 pounds; and 38 pounds, respectively. 

 
As observed for the last several years, marked decreases in contaminant concentrations are 
evident in selected floodplain wells—most notably in the Trench 1 area. Since Trench 1 was 
installed in 2006, reductions in concentrations of the primary COCs (nitrate, sulfate, and 
uranium) are apparent in surrounding wells, especially those on the river side of the trench. 
Based on monitoring results and findings documented in the Trench 2 evaluation (DOE 2009), 
Trench 2, when pumped, appears to be successfully intercepting contaminated groundwater 
emanating from the terrace across the escarpment, thereby preventing the contamination from 
discharging to the river in areas farther to the north. Decreases in COC concentrations in the well 
1089 area since remediation pumping began in 2003 are also evident. COC concentrations in 
central floodplain near-river wells 0857 and 1136–1139 have increased since the last reporting 
period. These recent increases are being monitored and evaluated. Finally, COC concentrations 
in samples collected from the San Juan River are still well below established benchmarks and are 
comparable to upstream (background) results. 
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5.0 Recommendations 
 
Based on the current status of remediation progress and recent monitoring results, DOE 
recommends the following activities to improve the performance and evaluation of the Shiprock 
remediation system and to minimize potential risks to human health and the environment. 

• Continue to monitor the fluid level in the evaporation pond and operate the enhanced 
evaporation system as necessary to maintain sufficient freeboard. If necessary, temporarily 
cease pumping at Trenches 1 and 2 during periods of high snowmelt runoff in the river. 

• Update the compliance strategy for the terrace. 

• Implement a number of  recommendations in the recently issued document titled 
Optimization of Sampling at the Shiprock, New Mexico, Site (DOE 2013c).  

DOE continues to underscore the importance of institutional controls and seeks cooperation 
and assistance from the Navajo Nation Environmental Protection Agency, the Navajo Nation 
Department of Justice, and the Navajo UMTRA Office to maintain protection of human health 
and the environment. 
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